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Ammonia oxidation. 

This invention relates to ammonia oxidation. Ammonia oxidation is widely employed in the 
manufacture of nitric acid and hydrogen cyanide. In the manufacture of nitric acid ammonia is 
oxidised with air to nitric oxide, while In the manufacture of hydrogen cyanide a mixture of ammonia 
5 and methane (often as natural gas) is oxidised with air. In both processes, the gas mixture is 
passed at an elevated temperature over a catalyst to effect the oxidation. Side reactions, such as 
the formation of nitrogen or nitrous oxide, are undesirable. Consequently, in addition to good 
activity, the catalyst is required to have a good selectivity. 

The oxidation reaction is exothermic: as the heated gas mixture passes through the 
10 catalyst, the oxidation reaction proceeds with the evolution of heat, causing the temperature of both 
the gas mixture and the catalyst to increase until a steady state condition is reached. The 
selectivity of the reaction depends on the catalyst temperature, and for any given operating 
conditions, i.e. gas composition, catalyst, catalyst age, flow rate etc. there is generally an optimum 
temperature. The catalyst temperature may be controlled by modification of one or more of the 
1 5 process variables, for example the temperature to which the gas mixture is pre-heated and/or the 
proportion of ammonia in the gas mixture. 

We have noticed however that there is liable to be a significant temperature gradient 
through the catalyst and so not all the catalyst is operating at the desired optimum. In part this 
temperature gradient results from radiation of heat from the inlet side of the catalyst into the 
20 Incoming gas mixture. 

In the present invention the effect of such radiation is minimised. 

Accordingly the present invention provides for the oxidation of ammonia comprising passing 
a mixture of ammonia and an oxygen containing gas preheated to an elevated temperature through 
at least one bed of a catalyst effective for the oxidation of ammonia wherein, in order to render the 

25 catalyst temperature more uniform, the gas mixture is passed through a perforate reflector disposed 
upstream of the catalyst bed, said reflector being effective to reflect heat radiated from the inlet face 
of the catalyst bed back towards the catalyst bed. 

The catalyst may be platinum, optionally alloyed with other precious metals such as 
rhodium, in the form of meshes or gauzes formed from the metal wire. Alternatively the catalyst 

30 may be in the form of pellets, extrudates or granules of an oxidic material such as a composition 
containing cobalt oxide. For example, it has been proposed in CN-A-86 108 985 to employ 
lanthana/ceria/cobalt oxide compositions of the general formula La^CexCoC^ (where x is from 0 to 
1 ) made by a specified co-precipitation route as ammonia oxidation catalysts. Oxidic catalysts 
preferably contain at least one mixed oxide phase containing cobalt and at least one element A 

35 selected from rare earths and yttrium, said cobalt and element A being in such proportions that the 
element A to cobalt atomic ratio is in the range 0.8 to 1 .2, particularly 1 .0 to 1 .2. Preferably at least 
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one element selected from yttrium, cerium, lanthanum, neodymium, and praseodymium is used as 
part or all of element A. Element A may comprise a mixture of at least one variable valency 
element Vv selected from cerium and praseodymium and at least one non-variable valency element 
Vn selected from yttrium and the non-variable valency rare earth elements such as lanthanum or 
5 neodymium. In particular it is preferred that the atomic proportions of variable valency element Vv 
to non-variable valency element Vn is in the range 0 to 1 , particularly 0 to 0.3. Such oxidic catalysts 
may be in a form wherein the amount of oxygen is non-stoichiometric. This arises from the variable 
valency of cobalt and also of any variable valency rare earth present as part, or all, of element A. 
In the process of the invention, a radiation reflector is disposed upstream of the catalyst to 

1 0 reflect heat radiated from the inlet face of the catalyst back to the catalyst. In this way heat loss 
from the inlet face of the catalyst is minimised and so the catalyst temperature is more uniform. The 
reflector is preferably a perforate plate disposed just upstream of the catalyst. The perforations 
should be of sufficient number and size that the reflector presents only an insignificant impedance 
to the flow of the gas mixture therethrough, but, on the other hand they should only form a minor 

1 5 proportion of the area of the reflector so that a substantial amount of the radiation is reflected. 
Preferably the perforations are in the form of louvres so that essentially all the area of the reflector 
acts to reflect the radiated heat. The reflector may also act as a diffuser to ensure even distribution 
of the gas mixture through the catalyst bed. The reflector is preferably positioned between 1 and 
30 cm above the top of the catalyst bed. 

20 The invention is illustrated by reference to the accompanying drawings wherein Figure 1 is 

a diagrammatic cross section of an ammonia oxidation reactor. Figure 2 shows an alternative 
arrangement. 

In Figure 1 there is shown a vessel 1 having an inlet port 2 and an outlet port 3. Disposed 
across the vessel are catalyst beds 4, 5 each composed of a wad of gauzes formed from a 

25 platinum/rhodium alloy wire . Upstream of the bed 4 nearest the inlet port is disposed a reflector 
plate 6 formed from a suitable heat resistant metal such as Incalloy. A plurality of louvres 7 are 
provided in the reflector plate 6. 

In use a mixture of ammonia and air, preheated to a desired inlet temperature, is fed to the 
inlet port 2. The mixture passes through louvres 7 in the reflector plate and then through the 

30 catalyst beds 4 and 5. Oxidation of the ammonia occurs with the evolution of heat. As a result the 
temperature of the both the catalyst and the gas mixture increases. The reacted gas then leaves 
the reactor via outlet port 3. Under steady state operation the temperature of the catalyst bed 5 and 
the reacted gas are essentially the same. Likewise the temperature through most of the thickness 
of the catalyst bed 4 is the same as that of the reacted gas mixture. However heat is liable to be 

35 lost from the inlet, i.e. upper, face of catalyst bed 4 by radiation into the incoming gas stream. A 
substantial amount of this radiated heat is reflected back towards the catalyst bed 4 by the reflector 
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plate 6, thereby reducing the temperature difference between the inlet portion of the catalyst bed 4 
and the remainder of the catalyst bed. in this was the temperature of the catalyst bed is more 
uniform enabling the reaction conditions to be selected to give the optimum selectivity. 

An alternative arrangement is shown in Figure 2. Here the reflector consists of a pair of 
5 metal plates 8, 9 spaced one above the other. Each plate is perforate so as to allow passage of the 
reactants through the plates, but the perforations are staggered so that heat radiated from the 
catalyst bed passing through the perforations of the lower plate is reflected by the lower surface of 
the upper plate. 

In some cases it may be desirable to provide a layer of thermal insulation on the upper 
10 surface of the reflector, i.e. on the surface remote from the catalyst bed, to minimise heat loss from 
the upper surface of the reflector. 

In the oxidation of ammonia to nitric oxide for the manufacture of nitric acid, the oxidation 
process may be operated at temperatures of 800-1 000°C, particularly 850-950°C, pressures of 1 to 
1 5 bar abs., with ammonia in air concentrations of 5-1 5%, often about 1 0%, by volume. 
15 The selectivity tends to increase as the space velocity is increased, and so high space 

5 *1 

velocities, greater than 1 .5 x 10 h , are desirable. The space velocity depends on the linear 
velocity of the feed gas (at NTP) and the depth of the catalyst bed. Linear gas velocities 
conventionally employed in commercial atmospheric pressure ammonia oxidation processes are 
usually in an excess of 2000 m/h, and typically are in the range 2500-8000 m/h, preferably 
20 4000-6000 m/h. Commercial processes operating at elevated pressures tend to employ 

considerably higher linear gas velocities, for example 30000-40000 m/h. For economic reasons it is 
desirable for the bed depth to be less than 50 mm. For example with a bed of depth 20 mm, at a 
linear gas velocity of 4000 m/h, the space velocity is 2 x 10 5 h" 1 . 
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Claims 

1 A process for the oxidation of ammonia comprising passing a mixture of ammonia and an 
oxygen containing gas preheated to an elevated temperature through at least one bed of a 
catalyst effective for the oxidation of ammonia wherein, in order to render the catalyst 
temperature more uniform, the gas mixture is passed through a perforate reflector 
disposed upstream of the catalyst bed, said reflector being effective to reflect heat radiated 
from the inlet face of the catalyst bed back towards the catalyst bed. 

2 A process according to claim 1 wherein the perforations in the reflector plate comprise 
louvres. 

3 A process according to claim 1 wherein the reflector comprises a pair of perforate plates 
having their perforations staggered with respect to one another. 

4 A process according to any of claims 1 to 3 wherein the reflector is provided with a layer of 
thermal insulation on the surface thereof remote from the catalyst bed. 
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